Introduction
Esophageal cancer occurs worldwide, and Eastern Asia has one of the highest incidence rates (1) . Esophageal squamous cell cancer (ESCC), the predominant histological type, is the most common subtype of esophageal cancer in Eastern Asia, including China (2) . Owing to the aggressive invasion, early metastasis, therapeutic resistance and other malignant biological behaviors of ESCC, the prognosis is poor, despite numerous efforts to develop effective therapeutic interventions, such as early detection, advanced surgical techniques and chemoradiotherapy (3) . Therefore, it is important to identify novel molecular biomarkers to allow for the identification of high-risk patients that require prompt and tailored treatment (4) . However, efforts to identify specific molecules associated with ESCC progression and prognosis have thus far been unsuccessful (5) , to the best of our knowledge.
MicroRNAs (miRNAs/miRs) are small, endogenous non-coding RNAs that are highly conserved across a variety of eukaryotic species (6, 7) . Since the first report to highlight the roles of miRNAs in chronic lymphocytic leukemia (8) , several studies have demonstrated that the deregulation of miRNA expression has a profound impact on human biological and pathological processes through a number of molecular mechanisms (9) (10) (11) . Abnormal miR-1469 expression has been reported in several human malignancies (12) (13) (14) (15) . However, the role miR-1469 serves in ESCC has not yet been reported, to the best of our knowledge. In the present study, the expression of miR-1469 in ESCC tissues, and the value of miR-1469 in predicting disease progression, relapse and prognosis, was investigated.
Materials and methods
Patients and follow-up. The present study recruited patients who underwent the surgical resection of a primary ESCC between September 2009 and June 2010 at Shandong Provincial Hospital Affiliated to Shandong University and Jinan Central Hospital Affiliated to Shandong University (Jinan, China). The 129 patients included in the present study had not received preoperative chemotherapy and/or radiotherapy, had undergone R0 resection and esophagogastrostomy without perioperative death, and also had complete clinicopathological and follow-up data. Clinicopathological data for the recruited patients is illustrated in Table I . Tumor samples were collected immediately following surgical resection, snap-frozen in liquid nitrogen and then stored at -80˚C until required for the extraction of total RNA. The histopathologic diagnosis of ESCC was verified based on sections stained with hematoxylin and eosin, according to the classification system of the World Health Organization (16) . Tumor-node-metastasis (TNM) staging was determined based on the 7th classification guidelines of the American Joint Committee on Cancer (17) . Written informed consent was obtained from each patient, and the study design was approved by the Institutional Review Boards of Shandong Provincial Hospital Affiliated to Shandong University and Jinan Central Hospital Affiliated to Shandong University, (Shandong, China).
All patients were followed up at 3-6 month intervals, using a number of medical procedures, including physical examination, upper gastrointestinal barium meal examination, ultrasound examination, computed tomography and gastroscopy, until patient mortality (all causes) or the end of the study period (June 2015). The median follow-up period was 35 months, with a range of 6-68 months.
Real-time quantitative reverse transcription-polymerase chain reaction (RT-qPCR).
Total RNA was extracted from each frozen tissue sample using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's instructions. The purity and concentration of all RNA samples was measured using a spectrophotometer (NanoDrop; Thermo Fisher Scientific, Wilmington, DE, USA). cDNA was reverse transcribed from 100 ng RNA using SYBR ® Premix Ex Taq ™ (Takara Biotechnology Co., Ltd., Dailan, China) in a final volume of 20 µl, according to the manufacturer's instructions. The RT conditions used are as follows: 37˚C for 60 min, 85˚C for 5 sec and 4˚C for 60 min. Subsequently, quantification of miR-1469 expression was performed by RT-qPCR using SYBR ® Premix Ex Taq ™ II on a MX3000P instrument (Agilent Technologies, Inc., Santa Clara, CA, USA). The qPCR consisted of 2 µl (10 ng) cDNA, 12.5 µl SYBR Premix Ex Taq II, 0.5 µl Dye II, 2 µl 5 µM forward primer, 1 µl 10 µM Uni-miR RT-qPCR primer and 7 µl of ddH 2 O. The qPCR conditions used were as follows: 95˚C for 30 sec, 45 cycles of 95˚C for 5 sec and 57˚C for 34 sec. The sequences of the primers are as follows: miR-1469 forward, 5'-GGG CTG AGC TGA AGC AGT G-3', and reverse, 5'-CAG TGC GTG TCG TGG AGT-3' , U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' , and reverse primer, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'. The small nuclear RNA U6, which is highly conserved and universally expressed, was used as the endogenous reference. Relative changes of miR-1469 expression were calculated using the comparative threshold cycle (2 -ΔΔCq ) method (18) and normalized to U6 expression. All RT-qPCR reactions were performed in triplicate. High or low miR-1469 expression was defined based on the median expression cut-off value, which was calculated separately for each cohort (19) .
Statistical analysis. All statistical analyses were performed using SPSS software (version 18.0; SPSS Inc., Chicago, IL, USA). A χ 2 test was used to determine the association between miR-1469 expression levels and clinicopathological characteristics. The Kaplan-Meier method was used to calculate survival curves and the log-rank test for the univariate analysis was performed to determine the statistical significance of differences between the survival curves of patient subgroups. Disease-free survival (DFS) was calculated from the date of surgery to the date of tumor recurrence or the last follow-up. Overall survival (OS) was calculated from the date of surgery to the date of death or the last follow-up. Multivariate analysis was performed using the Cox proportional hazards regression model to identify independent prognostic factors for predicting survival. P<0.05 was considered to indicate a statistically significant difference.
Results

Association between miR-1469 expression and clinicopathological characteristics.
The expression levels of miR-1469 in each sample were determined by RT-qPCR, and compared with clinicopathological characteristics using a χ 2 test (Table I) . Low miR-1469 expression was significantly associated with tumor invasion depth (26.1% in T1, 32.5% in T2, 51.0% in T3 and 66.7% in T4 cases; P=0.026), lymph node metastases (20.0% in N0, 65.5% in N1, 60.9% in N2, and 75.0% in N3 cases; P<0.001) and pathological stage (16.7% in I, 29.3% in II and 66.0% in III cases; P<0.001). However, no association was identified between miR-1469 expression and patient age or gender. Additionally, no association was identified between miR-1469 expression and tumor length or differentiation.
Association between miR-1469 expression and tumor relapse. The location and time of tumor relapse was recorded during the follow-up period. A total of 87 patients suffered tumor relapse and the 5-year DFS rate was 32.6%. Of the 87 patients, 45 (51.7%) had low tumor miR-1469 expression and 42 cases (48.3%) had high tumor miR-1469 expression (P=0.003; data not shown). A univariate analysis demonstrated that the 5-year DFS was significantly decreased for patients with low tumor miR-1469 expression than for those with high tumor miR-1469 expression (18.2 vs. 43.2%; P=0.004; Fig. 1A ). In addition, multivariate analysis demonstrated that only lymph node metastasis status retained its significance as an independent predictor for unfavorable DFS [P= 0.031; 95% confidence interval (CI), 1.035-2.089; Table II ].
The predictive significance of miR-1469 expression in selective patient subgroups was stratified according to lymph node metastasis status and pathological stage, respectively. Univariate analysis demonstrated that the 5-year DFS of patients with low tumor miR-1469 expression was significantly lower compared with that of the remaining cases with high miR-1469 expression among N1-3 patients (7.1 vs. 31.8%; P=0.043; Fig. 1B 
Association between miR-1469 expression and prognosis.
Of the 129 patients, 78 succumbed to mortality within the follow-up period and the 5-year OS rate was 39.5% (data not shown). Univariate analysis revealed that low miR-1469 expression was associated with an unfavorable 5-year OS compared with high miR-1469 expression (29.1 vs. 47.3%; P=0.029; Fig. 1C ). Multivariate analysis revealed that only lymph node metastasis retained its significance as an independent predictor for unfavorable OS (P=0.020; 95% CI, 1.070-2.202; Table II 
of patients) -----------------------------------------------
Discussion
Esophageal cancer is one of the most aggressive and deadly malignancies of the digestive tract, with patients typically presenting with bulky tumors and metastasis at the time of clinical diagnosis. The prognosis of patients with esophageal cancer remains poor and only a subset of patients respond well to treatment (4, 20) . The current TNM classification cannot accurately predict clinical outcome for patients with ESCC (21), even for patients with identical clinicopathological risk factors. Clearly distinguishing between subgroups of patients who have a high or low risk of relapse, treatment resistance and metastasis remains a challenge (22) , therefore there is an urgent need to identify biomarkers that can be used to identify patients that require more aggressive postoperative treatment. m iR NAs a re deregulated in numerous human cancers (23, 24) . Previous studies have demonstrated that miRNAs are reliable and cost-effective biomarkers that can be utilized in the diagnosis and assessment of the progression, therapeutic response and prognosis of a wide spectrum of malignant tumors, including esophageal cancer (7, (25) (26) (27) . A better understanding of the miRNAs associated with particular cancers would provide valuable insights for treatment. Previous studies have demonstrated that miR-1469 may function as an oncogene (12,13) or a tumor suppressor gene (14, 15) in malignant tumors originating from different tissues. However, to the best of our knowledge, the effects of miR-1469 expression on the progression and clinical outcome of human ESCC has not yet been reported.
In the present study, the expression of miR-1469 in tumor samples from 129 ESCC patients was analyzed by RT-qPCR and compared with clinicopathological characteristic and survival data. Low miR-1469 expression was significantly associated with invasion depth, lymph node metastasis status and pathological stage, suggesting that miR-1469 acts as a tumor suppressor. Low expression of miR-1469 was significantly associated with a poor prognosis; a univariate analysis revealed a correlation between low miR-1469 expression and a poor 5-year DFS and OS. A multivariate analysis demonstrated that only lymph node metastasis status could predict tumor relapse and prognosis independently of other clinicopathological parameters.
To explore whether miR-1469 expression levels could be employed as a predictor to improve the current risk stratification for ESCC based on the conventional staging system, a further stratified survival analysis split by lymph node metastasis status and pathological stage was performed. The results demonstrated that low miR-1469 expression only significantly predicted an unfavorable 5-year DFS among the subgroup of patients with N1-3 disease. Although statistically significant differences were not detected, low miR-1469 expression was associated with a poorer DFS and OS in the subgroup of patients with pathologic stage III disease. Therefore, the data from the present study indicate that miR-1469 expression can predict the clinical outcome of ESCC, particularly in patients with advanced disease. Measuring miR-1469 expression levels in patients with ESCC may allow clinicians to more accurately identify high-risk patients who would benefit from more aggressive therapeutic interventions. Previous studies have identified an association between dysregulated miRNA expression and cancer diagnosis (28, 29) . In addition, it has been demonstrated that miRNAs modulate numerous signaling pathways and regulate the expression of thousands of genes (7, 30) . The current gold standard of cancer diagnosis is a pathological diagnosis, due to the heterogeneous nature of tumors. Future studies will need to be performed to ascertain whether miR-1469 can be reliably used as biomarker for the diagnosis of ESCC.
In conclusion, to the best of our knowledge, the data in the present study provides the first evidence for the role of miR-1469 in predicting disease progression and post-surgical clinical outcomes in patients with ESCC. These data are consistent with previous reports evaluating the tumor suppressor roles of miR-1469 in human cancer (14, 15) . However, multicenter and large-scale studies are required to verify this data prior to the clinical application of miR-1469, in addition to in vitro and in vivo functional studies to identify the target genes and signaling pathways of miR-1469. The results of these studies may allow for the identification and selection of high-risk patients that would benefit from specific treatments following surgery, therefore improving clinical outcomes. Table II . Results of univariate and multivariate analyses for the association between clinicopathological characteristics and survival in patients with esophageal squamous cell cancer. 
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